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Abstract
For about twenty years, B → piK decays are in the focus of B-decay studies. We show that a correlation
between the CP asymmetries of B0d → pi0KS reveals a tension with the Standard Model. Should it be due
to New Physics, a modified electroweak penguin sector provides particularly interesting possibilities. We
present a new method to determine the electroweak penguin parameters, which uses an isospin relation
and requires only minimal SU(3) input. We apply it to the current data for B → piK decays and
discuss the prospects for utilizing CP violation in B0d → pi0KS. The strategy has the exciting potential
to establish New Physics in the electroweak penguin sector in the high-precision era of B-physics.
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For about twenty years, B → piK decays are in the focus of B-decay studies. We show that a
correlation between the CP asymmetries of B0d → pi0KS reveals a tension with the Standard
Model. Should it be due to New Physics, a modified electroweak penguin sector provides
particularly interesting possibilities. We present a new method to determine the electroweak
penguin parameters, which uses an isospin relation and requires only minimal SU(3) input.
We apply it to the current data for B → piK decays and discuss the prospects for utilizing CP
violation in B0d → pi0KS. The strategy has the exciting potential to establish New Physics in
the electroweak penguin sector in the high-precision era of B-physics.
1 Introduction
Decays of the type B → piK have been in the spotlight for over two decades (see Refs. 1,2
and references therein). This is a particularly interesting class of decays because the leading
contributions come from QCD penguin topologies; the tree topologies are suppressed by the
CKM matrix element Vub. Moreover, electroweak (EW) penguin topologies give contributions
at the same level as the tree topologies.
The decay B0d → pi0KS is the only B → piK channel with a mixing-induced CP asymmetry,
which arises from interference between B0d–B¯
0
d mixing and the decay of B
0
d or B¯
0
d into the pi
0KS
final state. Moreover, all B → piK decays may have direct CP violation, arising from interference
between penguin and tree contributions. The correlation between the CP asymmetries of the
B0d → pi0KS mode has revealed a discrepancy in the past, which could be explained by a modified
EW penguin sector.2 We provide an up-to-date picture of this correlation, and present a new
method to pin down the parameters governing the EW penguin contributions.3,4
2 The B → piK System
The EW penguin topologies contributing toB0d → pi−K+ andB+ → pi+K0 are colour-suppressed
and play a minor role. On the other hand, the B0d → pi0K0 and B+ → pi0K+ channels have
also contributions from colour-allowed EW penguin toplogies. These effects are described by
the following parameter, which can be calculated using the SU(3) flavour symmetry: 5,1
qeiφeiω ≡ −
(
PˆEW + Pˆ
C
EW
Tˆ + Cˆ
)
SM
=
−3
2λ2Rb
(
C9 + C10
C1 + C2
)
Rq = (0.68± 0.05)Rq. (1)
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Here φ(ω) is a CP-violating (CP-conserving) phase, and PˆEW (Tˆ ) and Pˆ
C
EW (Cˆ) are colour-allowed
and colour-suppressed EW penguin (tree) amplitudes, respectively. Note that ω vanishes in the
SU(3) limit, and that its smallness is a model-independent result.6 Furthermore, λ ≡ |Vus| =
0.22, Rb is a side of the unitarity triangle (UT), the Ci are Wilson coefficients, and SU(3)-
breaking corrections are parametrized by Rq = 1.0± 0.3.
The tree and QCD penguin topologies are described by the hadronic parameters
rce
iδc ≡ (Tˆ + Cˆ)/P ′, reiδ ≡ (Tˆ − Pˆtu)/P ′, (2)
where Pˆtu is the difference between QCD penguin amplitudes with t and u quarks, and P
′ ∝ Ptc.
In order to determine these parameters, we follow Refs. 1,2 and use B → pipi data, where
contributions from EW penguins are tiny, and employ the SU(3) flavour symmetry, yielding: 3,4
rce
iδc = (0.17± 0.06)ei(1.9±23.9)◦ , reiδ = (0.09± 0.03)ei(28.6±21.4)◦ . (3)
Here, we allowed for non-factorizable SU(3)-breaking corrections of 20%. In an analysis of
Bd,s → pipi, KK, piK modes we did not find indications of anomalously large non-factorizable
SU(3)-breaking corrections. 7
The amplitudes of the B → piK decays satisfy the following isospin relation: 1,2
√
2A(B0d → pi0K0) +A(B0d → pi−K+) =
√
2A(B+ → pi0K+) +A(B+ → pi+K0) ≡ 3A3/2. (4)
Here 3A3/2 ≡ 3|A3/2|eiφ3/2 is an isospin I = 3/2 amplitude, which is given by
3A3/2 = −(Tˆ + Cˆ)eiγ + (PˆEW + PˆCEW ) = −(Tˆ + Cˆ)
(
eiγ − qeiφeiω
)
, (5)
where γ = (70 ± 7)◦ is the corresponding UT angle, and |Tˆ + Cˆ| can be determined from the
B → pipi system using the following SU(3) relation: 8
|Tˆ + Cˆ| = RT+C |Vus/Vud|
√
2|A(B+ → pi+pi0)|. (6)
The SU(3)-breaking effects are given by RT+C ≈ fK/fpi = 1.2± 0.2, where the central value is
obtained in factorization and the uncertainty allows for non-factorizable corrections.
The direct CP asymmetries AfCP ≡
(|A¯f |2 − |Af |2) / (|A¯f |2 + |Af |2) are proportional to
r(c) sin δ(c) sin γ, giving values of O(10%). Together with the branching ratios they are ingre-
dients of a sum rule,9 which vanishes in the SM up to corrections of O(r2(c)).3,4 The current
experimental data 10 are in agreement with the SM pattern.4 Since the uncertainty of Api
0K0
CP is
still large, we use the sum rule to predict this observable: 3,4
Api
0K0
CP = −0.14± 0.03. (7)
The mixing-induced CP asymmetry SfCP enters the time-dependent rate asymmetry as
Γ(B¯0d(t)→ pi0KS)− Γ(B0d(t)→ pi0KS)
Γ(B¯0d(t)→ pi0KS) + Γ(B0d(t)→ pi0KS)
= Api
0KS
CP cos(∆Mdt) + S
pi0KS
CP sin(∆Mdt), (8)
where ∆Md is the mass difference between the Bd mass eigenstates. We have
Spi
0KS
CP = sin(φd − φ00)
√
1− (Api0KSCP )2, (9)
where φd = (43.2 ± 1.8)◦ is the CP-violating B0d–B¯0d mixing phase.2 The key quantity is the
angle φ00 ≡ arg(A¯00A∗00) between A00 ≡ A(B0d → pi0K0) and its CP-conjugate A¯00, which can
be expressed in terms of the hadronic parameters in Eq. 2 as follows: 3,4
tanφ00 = 2(r cos δ − rc cos δc) sin γ + 2rc (cos δc − 2a˜C/3) q sinφ+O(r2(c)). (10)
Here a˜C ≡ aC cos(∆C+δc) parametrizes the small colour-suppressed EW penguin contributions.
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Figure 1 – Correlation between the CP asymmetries of B0d → pi0KS (left), and φ± as a function of Api
0KS
CP (right).
3 Correlation Between the CP Asymmetries of B0d → pi0KS
We may calculate φ00 using the numerical values in Eqs. 1 and 3. However, the cleanest way to
determine this quantity is from the amplitude triangles corresponding to the isospin relation for
the neutral decays in Eq. 4, as it requires only minimal SU(3) input and no topologies have to
be neglected.2 From Eq. 9, we can then determine Spi
0KS
CP as a function of A
pi0KS
CP . This yields the
correlation shown in the left panel of Fig. 1, which is more constrained than in previous work 2
due to a better determination of γ. We also show current data 10 and the prediction from the
sum rule. We observe a discrepancy between the data and the correlation at the 2σ level.
In the right panel of Fig. 1, we show a new constraint, obtained from the angle φ± ≡
arg(A¯±A∗±) between A± ≡ A(B0d → pi−K+) and its CP-conjugate A¯±. For φ = 0◦, which
includes the SM, we obtain φ±|φ=0 = 2 r cos δ sin γ +O(r2) = (8.7± 3.5)◦, where the numerical
value follows from Eq. 3. We can also extract this angle from the amplitude triangles. The
tension between these two constraints shows that also the correlation itself is not in agreement
with the SM. We could obtain a consistent picture in Fig. 1 if the CP asymmetries of B0d → pi0KS
moved by ∼ 1σ and Br(pi0K0) went down by ∼ 2.5σ. On the other hand, Fig. 1 may also be a
hint of NP, where a modified EW penguin sector is a particularly interesting scenario.
4 Determination of the EW Penguin Parameters
The EW penguin parameters q and φ can also be determined from the isospin relation in
Eqs. 4 and 5. Specifically, we can use the amplitude triangles to express these parameters
as a function of 3|A3/2|/|Tˆ + Cˆ|, yielding contours in the φ–q plane.3,4 This method requires only
minimal SU(3) input to determine |Tˆ + Cˆ| from Eq. 6, and no topologies have to be neglected.
The analysis can be done for both the neutral decays and the charged decays separately. It
requires us to fix the relative orientation of the triangles, which we can do through Spi
0KS
CP in the
case of the neutral decays, and with the angle between A(B+ → pi+K0) and its CP conjugate,
which is of O(1◦), for the charged decays. Since the current uncertainty of Spi0KSCP is still large,10
we perform the analysis for the charged decays, yielding the contours in the left panel of Fig. 2.
In order to determine the values of q and φ we need further input. This can be obtained from
Spi
0KS
CP using the hadronic parameters in Eq. 2. In particular, we can convert a measurement of
this observables into a value of φ00, and subsequently obtain a contour in the φ–q plane from
Eq. 10. As the strong phases enter only as cos δ(c), this expression is very insensitive to variations
of these small parameters, thereby having a theoretically favourable structure. Furthermore, the
small contributions from colour-suppressed EW penguins can be included through data.3,4
In view of the current large uncertainty of Spi
0KS
CP , we study 3 different scenarios. In the right
panel of Fig. 2, we give again the contours from the amplitudes triangles, now assuming perfect
measurements and progress on the calculation of RT+C .
2 In addition, we show the contours from
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Figure 2 – Contours in the φ–q plane for charged B → piK data following from the isospin relation in Eqs. 4 and 5.
The left panel shows current data, whereas the right one corresponds to future scenarios. The purple contours
follow from different assumed measurements of Spi
0KS
CP .
Spi
0KS
CP , where we assume a precision of ±0.04 for the CP asymmetries of B0d → pi0KS at the
end of Belle II,11 and include 20% non-factorizable SU(3)-breaking corrections for the hadronic
parameters entering Eq. 10. We give separately the experimental (small bands) and theoretical
(wide bands) uncertainties, and observe that we can match the experimental precision with
theory. Moreover, we see that Spi
0KS
CP provides complementary information on q and φ, allowing
the determination of these parameters.
5 Conclusions
We have performed a state-of-the-art B → piK analysis, showing that a tension with the SM
in the correlation of the B0d → pi0KS CP asymmetries has become stronger. In order to clarify
this intriguing picture, either data have to move to confirm the SM, or we may have NP, where
a modified EW penguin sector provides a particularly interesting scenario. We present a new
strategy to determine the EW penguin parameters q and φ, which has the potential to resolve
this puzzling situation and reveal new sources of CP violation.
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